Total synthesis of cytotoxic marine alkaloids, lamellarins D, L, and N, has been achieved by using Hinsberg-type pyrrole synthesis and palladium-catalyzed Suzuki-Miyaura coupling of the 3,4-dihydroxypyrrole bistriflate 6 as the key reactions. The total yields of lamellarins D, L, and N from the common intermediate 6 are 54, 58, and 50%, respectively.
with dichloromethane and the extract was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by distillation (180 °C/ 0.6 mmHg) to give 10 as colorless oil (8.42 g, 83%) . IR (neat): 2952 IR (neat): , 2838 IR (neat): , 1747 IR (neat): , 1732 IR (neat): , 1588 IR (neat): , 1515 IR (neat): , 1505 IR (neat): , 1455 IR (neat): , 1435 IR (neat): , 1372 IR (neat): , 1258 IR (neat): , 1028 , 808 cm -1 ; 1 H NMR (300 MHz, CDCl 3 ): δ 1.36 (d, J= 6. 3 Hz, 6H), 2.68-2.75 (m, 2H), 2.90-2.97 (m, 2H), 3.60 (s, 4H) , 3 .71 (s, 6H), 3.82 (s, 3H) , 4.51 (m, J= 6. 3 Hz, 1H), 6.70-6.81 (m, 3H); 13 C NMR (100 MHz, CDCl 3 ): 22.14, 34.24, 51.49, 54.99, 56.01, 56.48, 71.41, 112.05, 116.80, 121.05, 132.09, 147.01, 148.78, 171.45. HREIMS m/z. Calcd for C 18 H 27 Under an argon atmosphere, a suspension of dimethyl oxalate (6.68 g, 56.6 mmol) and NaH (60% dispersion in mineral oil, 4.53 g, ca. 113 mmol, prewashed with hexane) in THF (50 mL) was heated to reflux. To this suspension was added dropwise a solution of 10 (10.0 g, 28.3 mmol) in THF (100 mL) under reflux. After being refluxed for additional 3 h, the reaction mixture was cooled to room temperature, quenched with acetic acid (6.7 mL) and evapolated under reduced pressure. The residue was poured into ice-cold water and the suspension was adjusted to pH 3 with concentrated HCl. The precipitates thus formed was collected by filtration, washed with water, and dried under reduced pressure to give 13 as colorless powder (10.0 g, 87%) . Recrystallization from diethyl ether-hexane gave colorless needles. Mp 116. 5-117.5 °C; IR (KBr): 3483, 3420, 2994 , 2965 , 2938 , 1724 , 1696 , 1515 , 1467 , 1235 , 1191 , 1146 , 1108 14, 37.85, 47.75, 51.76, 56.03, 71.60, 110.38, 111.98, 116.90, 121.33, 130.62, 138.57, 147.03, 149.08, 162.32 . EIMS m/z (%): 407 (83), 333 (27) , 228 (100), 196 (77) . Anal. Calcd for C 20 H 25 NO 8 : C, 58.96; H, 6.18; N, 3.44. Found: C, 58.76; H, 6.18; N, 3.35 .
Dimethyl

1-[2-(3-isopropoxy-4-methoxyphenyl)ethyl]-3,4-bis(trifluoromethanesulfonyloxy)py
rrole-2, 5-dicarboxylate (6) . Under an argon atmosphere, trifluoromethanesulfonic anhydride (7.76 mL, 46.1 mmol) was added as a neat liquid to a solution of 13 (8.50 g, 20.9 mmol) in pyridine (35 mL) at 0 °C. After being stirred for 2 h, the reaction mixture was quenched with water at the same temperature and allowed to warm to room temperature. The product was extracted with diethyl ether and the extract was washed successively with 2 M aqueous HCl, water, and brine, and dried over Na 2 SO 4 . The solvent was removed by evaporation and the residue was purified by column chromatography over Silica Gel 60N (hexane-ethyl acetate=3:1) to give 6 as colorless solid (12.8 g, 91%) . Recrystallization from dichloromethane-hexane gave colorless plates. Mp 94-95 °C; IR (KBr): 2967, 1740, 1514, 1434, 1307, 1245, 1307, 1245, 1131, 987, 973, 812 37.24, 48.65, 52.19, 56.00, 71.39, 112.02, 116.52, 117.13, 118.31 (q, J= 320 Hz), 121.45, 127.67, 128.98, 147.22, 149.27, 157.97 , 2967, 2946, 2842, 1608, 1505, 1445, 1360, 1258, 1224, 1118, 1026, 859, 839, 810, 781 
4-Bromo-1-isopropoxy-2-methoxybenzene (16).
A neat liquid of 2-bromopropane (4.86 mL, 51.8 mmol) was added to a suspension of 15 (7.00 g, 34.5 mmol) and K 2 CO 3 (9.54 g, 69.0 mmol) in DMSO (100 mL) at the room temperature and the mixture was heated at 55 °C for 2 h. The reaction mixture was cooled to room temperature and diluted with water. The mixture was extracted with diethyl ether and the extract was washed successively with 10% aqueous NaOH, water, and brine, and dried over Na 2 SO 4 . The solvent was evaporated under reduced pressure and the residue was purified by bulb-to-bulb distillation (90 °C/ 0.5 mmHg) to give 16 as colorless oil (7.07 g, 84%) . IR (neat): 2977 IR (neat): , 2934 IR (neat): , 1585 IR (neat): , 1495 IR (neat): , 1464 IR (neat): , 1445 IR (neat): , 1397 IR (neat): , 1383 IR (neat): , 1372 IR (neat): , 1250 IR (neat): , 1224 IR (neat): , 1135 IR (neat): , 1108 IR (neat): , 1031 71.80, 113.07, 115.39, 117.27, 123.26, 146.41, 151.16 1605, 1505, 1360, 1282, 1259, 1183, 1155, 1107, 1022, 972, 873, 798, 757 trimethyl borate (7.48 mL, 67.1 mmol) was added as a neat liquid and the mixture was stirred for 1 h at -78 °C. The reaction mixture was allowed to warm to room temperature and stirred for an additional 1 h. Acetic acid (7.48 mL, 131 mmol) and
30% aqueous H 2 O 2 (13.6 mL, 133 mmol) were added to the mixture. After being stirred for 16 h at room temperature, the mixture was quenched with 10% aqueous Na 2 SO 3 . The product was extracted with diethyl ether and the extract was washed successively with water and brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by column chromatography over Silica Gel 60N
(toluene) to give 19 as colorless solid (7.36 g, 91%).
4-Bromo-2-isopropoxy-1-methoxybenzene (21).
This compound was prepared in a similar manner as described for 16 using 19 ( 
3-Isopropoxy-4-methoxyphenylboronic acid (8).
This compound was prepared in a similar manner as described for 7 using 21 (7.35 g, 30 .0 mmol) as the starting material. After washing with hexane, 8 was obtained as colorless powder (5.13 g, 81%) . Mp 115-135 °C; IR (KBr): 3220, 2975, 2934, 1596, 1518, 1374, 1268, 1217, 1178, 1136, 1112, 1025, 743, 716 
Methyl
3,4-dihydro-7-isopropoxy-1-(4-isopropoxy-3-methoxyphenyl)-3-[2-(3-isopropoxy-4methoxyphenyl)ethyl]-8-methoxy-4-oxo-[1]benzopyrano[3,4-b]pyrrole-2-carboxylat e (27).
Under an argon atmosphere, a degassed solution of Na 2 CO 3 (2.10 g, 19.8 mmol) in water (6.0 mL) was added to a solution of 25 (2.06 g, 3.00 mmol), 9 (1.62 g, 6.00 mmol) and Pd(PPh 3 ) 4 (288 mg, 249 µmol) in THF (60 mL) at room temperature and the mixture was refluxed for 18 h. The mixture was cooled to room temperature and evapolated under reduced pressure. The residue was dissolved in methanol (40 mL) and conc. HCl (4.0 mL) was added dropwise to the solution at room temperature.
After being refluxed for 1 h, the mixture was cooled to room temperature and evaporated under reduced pressure. The product was extracted with dichloromethane and the extract was washed successively with water and brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by column chromatography over Chromatorex NH-DM1020 silica gel (hexane-ethyl acetate=5:1)
to give 27 as colorless solid (2.03 g, 98%). 88, 109.56, 112.00, 114.07, 115.66, 116.57, 117.45, 121.42, 122.45, 124.22, 126.77, 127.21, 129.27, 130.35, 145.72, 146.57, 146.63, 147.16, 147.26, 148.97, 150.12, 155. (hexane-ethyl acetate=1:2) to give 29 as pale brown solid (220 mg, 90%).
3,4-Dihydro-7-isopropoxy-1-(4-isopropoxy-3-methoxyphenyl)-3-[2-(3-isopropoxy-4methoxyphenyl)ethyl]-8-methoxy-4-oxo-[1]benzopyrano[3,4-b]pyrrole
Recrystallization from dichloromethane-hexane gave pale brown powder. Mp -161 °C; IR (KBr): 3232, 2976 , 2934 , 1720 , 1535 , 1438 , 1406 , 1262 , 1138 , 1111 , 1033 , 1012 78, 22.09, 22.22, 37.74, 48.77, 55.35, 56.04, 71.40, 71.42, 71.54, 103.29, 104.83, 109.32, 112.16, 114.15, 115.40, 116.76, 118.40, 121.48, 122.49, 125.71, 126.47, 126.91, 127.70, 130.20, 145.69, 146.64, 147.08, 147.10, 147.38, 149.08, 150.22, 154.94, 163.47. EIMS m/z (%) : 673 (100) -1-(3-isopropoxy-4-methoxyphenyl)-3-[2-(3-isopropoxy-4 2973, 2931, 1716, 1509, 1466, 1425, 1388, 1261, 1234, 1211, 1166, 1139, 1108 83, 22.04, 37.61, 50.98, 55.79, 55.94, 55.95, 71.27, 71.44, 71.67, 103.57, 105.16, 110.49, 112.05, 113.73, 114.75, 116.02, 116.49, 119.07, 121.21, 121.99, 127.09, 127.17, 130.37, 131.67, 145.92, 146.45, 146.55, 147.07, 147.15, 149.02, 150.23, 155.34 . EIMS m/z (%): 629 (100), 587 (9) 8,9-Dihydro-3,11-diisopropoxy-14-(4-isopropoxy-3-methoxyphenyl)-2,12-dimethox   y-6H-[1]benzopyrano[4',3':4,5]pyrrolo[2,1-a] isoquinolin-6-one (31).
160
7-Isopropoxy
Method 1.
Under an argon atmosphere, a solution of PIFA (81.5 mg, 0.190 mmol) and BF 3 ·OEt 2 (48 µL, 0.389 mmol) in dichloromethane (3.8 mL) was added dropwise to a solution of 1.5 h, the mixture was quenched with 2 M aqueous NH 3 and allowed to warm to room temperature. The product was extracted with dichloromethane and the extract was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by column chromatography over Silica Gel 60N (hexane-ethyl acetate=1:1) to give 31 as colorless solid (87.3 mg, 88%). Recrystallization from dichloromethane-diethyl ether gave colorless powder. Mp 229. 5-230.5 °C; IR (KBr): 2973 , 2932 , 1699 , 1483 , 1417 , 1271 , 1240 , 1213 , 1162 , 1111 , 1038 21.89, 21.94, 22.06, 28.63, 42.43, 55.09, 55.42, 56.12, 71.33, 71.40, 71.77, 103.46, 104.83, 109.12, 110.31, 113.58, 114.56, 114.64, 114.74, 116.90, 120.11, 123.31, 126.25, 128.08, 128.49, 135.81, 145.80, 146.39, 146.81, 146.86, 147.17, 148.51, 151.15, 155.45 88, 21.89, 21.91, 21.92, 55.10, 55.41, 56.13, 71.17, 71.44, 71.80, 103.42, 105.44, 105.59, 107.75, 109.88, 110.41, 110.93, 112.19, 114.98, 116.89, 118.92, 123.07, 123.80, 124.59, 128.69, 129.31, 134.27, 146.39, 146.47, 147.04, 147.73, 148.32, 150.04, 151.26, 155.40 , 2925, 1671, 1595, 1546, 1491, 1459, 1433, 1404, 1369, 1276, 1220, 1155, 1041 36, 54.89, 55.82, 103.49, 105.13, 105.52, 106.15, 108.10, 110.58, 111.26, 112.14, 114.77, 116.17, 117.31, 121.77, 123.55, 124.41, 125.19, 128.71, 133.81, 144.28, 146.03, 146.52, 147.53, 148.00, 148.20, 148.39, 154. N (3) . [2-(3-isopropoxy-4-methoxyphenyl) ethyl]-4-(t rifluoromethanesulfonyloxy)pyrrole-2,5-dicarboxylate (26). This compound was prepared from 6 (2.69 g, 4.00 mmol) and 8 (840 mg, 4.00 mmol) in a similar manner as described for 25. After chromatographic purification over Silica Gel 60N
Synthesis of lamellarins L (2) and
Dimethyl
3-(3-isopropoxy-4-methoxyphenyl)-1-
(toluene-ethyl acetate=10:1), 26 was obtained as colorless solid (2.11 g, 77%).
Recrystallization from diethyl ether-hexane gave colorless prisms. Mp 96. 5-98 °C; IR (KBr): 2976 , 2952 , 1726 , 1513 , 1438 , 1420 , 1307 , 1263 , 1231 , 1135 22.13, 37.51, 48.70, 51.74, 51.76, 55.82, 56.03, 71.36, 71.65, 111.02, 112.07, 116.72, 117.29, 117.92 (q, J= 321 Hz), 118.49, 121.43, 122.00, 122.76, 122.80, 123.27, 129.99, 135.77, 146.41, 147.19, 149.13, 150.33, 159.08, 160.75. EIMS m/z (%) : 687 (100) 2976, 2934, 1711, 1515, 1486, 1439, 1226, 1158, 1109, 1019, 969, 937, 857 79, 21.94, 22.06, 22.12, 37.82, 48.67, 51.70, 55.45, 56.05, 71.27, 71.38, 71.44, 103.26, 104.92, 109.57, 111.58, 111.99, 116.61, 117.44, 117.96, 121.44, 122.87, 124.21, 126.67, 126.86, 129.18, 130.38, 145.74, 146.58, 146.86, 147.17, 147.28, 148.98, 149.90, 155.01, 161.19 3,4-Dihydro-7-isopropoxy-1-(3-isopropoxy-4-methoxyphenyl)-3-[2-(3-isopropoxy-4 3331, 2977, 2934, 1727, 1702, 1509, 1441, 1405, 1263, 1238, 1181, 1141, 1112, 1017, 773 21.93, 21.98, 22.07, 37.75, 48.80, 55.40, 56.01, 56.03, 71.28, 71.36, 71.45, 103.15, 104.78, 109.28, 111.74, 112.06, 116.68, 117.79, 118.40, 121.44, 122.77, 125.77, 126.13, 126.92, 127.59, 130.18, 145.67, 146.60, 147.06, 147.36, 149.03, 150.11, 154.95, 163.68 03, 22.12, 37.63, 50.94, 55.89, 55.96, 56.06, 71.26, 71.38, 71.42, 103.49, 105.23, 110.48, 111.71, 111.99, 114.73 , (1), L (2), and N (9) . Reagents and conditions: (a) 7 or 8 (1.0 equiv.), Pd(PPh 3 ) 4 (2 mol%), THF, reflux, 4 h (25: 76%, 26: 77%); (b) (1) 9 (2.0 eq), Pd(PPh 3 ) 4 (8 mol%), THF, reflux, 18 h, (2) conc. HCl, MeOH, reflux 1 h (27: 98%, 28: 95%); (c) (1) 40% KOH/EtOH (1:1), reflux, 3 h, (2) cat. p-TsOH, CH 2 Cl 2 , reflux, 1 h (29: 90%, 30: 91%); (d) Cu 2 O, quinoline, 220 °C, 7 min (4: 94%, 5: 99%); (e) PhI(OCOCF 3 ) 2 , BF 3 ·OEt 2 , CH 2 Cl 2 , -40 °C, 1.5 h (31: 88%, 32: 90%); (f) Pd(OAc) 2 (1.1 equiv.), CH 3 CN, reflux, 12 h (31: 65%, 4: 14%; 32: 65%, 5: 15%); (g) DDQ (1.5 equiv.), toluene, reflux, 18 h (33: 97%, 34: 96%); (h) BCl 3 , CH 2 Cl 2 , -78 °C, 0.5 h, then r.t., 3 h (1: quant., 2: 98%, 3: 88%). 
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